Résumé. 2014 The data are first analysed under the hypothesis that the rotational diffusion of cyclopentene resembles that of a rigid asymmetric top. The slower rotation is then calculated to occur around the pseudo-C5 axis and large differences are found between the three rotational diffusion constants Dxx, Dyy, Dzz. These results seem to have little physical meaning. Furthermore they do not agree with those obtained by infrared, Raman and quasielastic neutron scattering. Therefore the ring-puckering motion has to be considered as an efficient 13C relaxation mechanism. Although parameters needed to describe both external and internal motions cannot all be determined from the information available one can qualitatively show that at 300 K the molecule executes about (5 ± 4). 1012 jumps s-1 between its two equivalent bent conformations characterized by a puckering angle of 25 to 30°. The activation energy associated with this process seems to be low since the jump rate is still about (1 ± 0.5). 1012 s-1 at 220 K. On the other hand, the whole molecule rotation is found to be nearly isotropic in agreement with the conclusions of the optical and neutron spectroscopies Dr = (0.22 ± 0.02).1012 s-1 at 300 K with an activation energy of 5.1 kJ. mole-1.
Molecular dynamics studies performed in the last decade mainly concern rigid and rather symmetrical molecules [1] [2] [3] . Molecular systems undergoing fast conformational changes have been the object of a large number of detailed studies by infrared, Raman and microwave spectroscopies, but essentially in the gas phase [4] [5] [6] [7] . An The first systems investigated were methylated molecules with a fast internal rotation of the methyl group [10] . In this case a rather obvious distinction occurs between the relaxation of the CH vectors in the rigid part of the molecule due to the overall molecule reorientation and the relaxation of a CH vector of the methyl group affected by both internal and external motions.
More recently, models have been developed for molecules presenting conformational flexibility. The dipolar relaxation time T' has for example been related by London [12, 13] to characteristic correlation times of overall isotropic reorientation and of exchange between two equivalent conformations. A similar treatment has been given by Baldo et al. [14] for '8- [18] ; G is the centre of mass. 3) The molecule is supposed to perform two kinds of independent motion : overall reorientation treated on the basis of a diffusive model for an asymmetric top molecule [24] , and ring-puckering internal motion occurring by instantaneous jumps between two equivalent conformations. To describe the simultaneous uncorrelated motion of reorientation and ring-puckering, it is convenient to define a reference frame xyz bound to G the only invariant point in the molecule (Fig. 1 ). If Q(0) represents the polar angles of the CH vector in the xyz frame, g(O) the Euler angles relating the XYZ and xyz frames and D (2)(g (0)) the Wigner matrix elements of second order, we have the relation : which allows the correlation function (5) to be rewritten :
where the Wigner matrix elements characterize the overall reorientational motion in the laboratory frame whereas the time dependent spherical harmonics are governed by the ring-puckering motion in the xyz frame.
To describe the ring-puckering motion, a new frame x' y' z' can be chosen in which the CH vector has fixed polar angles (1' . A relation similar to (6) but applied now to the xyz and x' y' z' frames, allows the correlation function to be put into the form :
where the separation of the ensemble averages follows from the hypothesis of non-coupling between the external and internal motions.
Assuming that the overall reorientation is of the diffusive type and that the xyz axes diagonalize the rotational diffusion tensor, equation (8) We are left with the averaging of the part of equation (10) and By using the previous expressions, the correlation time defined according to equations (2) and (3) by :
can now be calculated as :
Instead of trying to reduce this expression to a simpler analytical form, vye have chosen to write it in a computer program and to calculate tc numerically.
Finally, for a given temperature we have, three experimental correlation times given by equation (3) , that we can fit to equation (15) by adjusting the dynamical parameters Dxx Dyy Dzz and te 1 and the geometrical ones corresponding to the polar angles of the CH vector before and after the jump. We have checked that equation (15) gives the same result as Huntress's formula (Eq. 3-B. 6 of reference [24] [14] ) are also obtained in the limit where the CH vector lies in the librating plane. This tube is placed in a larger one of 10 mm diameter containing a few drops of hexadeutero-benzene dissolved in carbon disulfide in order to provide a 2H signal for the field frequency stabilization.
As already pointed out, from the 13C NMR point of view, the cyclopentene molecule has, three distinct sites which can be classified in A { X } (ethylenic carbon) and A { X2 } systems.
The relaxation of an A { X } spin system under decoupling conditions can be obviously described by a single exponential; on the other hand, for an A { X2 } system, even when it is decoupled the neglect of crosscorrelation spectral densities could in some instances lead to serious misinterpretation [9a, 9b] . In fact, an exponential recovery (as shown in Fig. 2 Finally to correct the data for any temporal drift of the spectrometer, the 13C longitudinal magnetization at thermal equilibrium and under proton irradiation has been performed at the beginning and after five measurements of the magnetization. The values at time t are then deduced by linear interpolation [17] .
The measurement of the NOE factor is performed in two steps. The area S 00 of the 13C resonance signal at thermal equilibrium is first evaluated under proton decoupling conditions and after the sequence [900-acquisition-T]n where T' -10 T 1 .
The area So in the absence of proton decoupling is measured with a gated decoupling sequence [9d] in which the irradiation frequency is shifted by 100 KHz and the decoupler simultaneously switched from the modulation to the C.W. mode during the acquisition of the first induction decay. In (Fig. 2) and the spin-lattice relaxation time T1 can easily be deduced (Table III) .
In particular, it can be pointed out that this linearity persists for carbons 1 and 2 over times longer than T 1 confirming the negligible role of the cross-correlation terms. The values of il are also reported in table III and allow the dipolar relaxation time T 1 and the experimental correlation time tC to be deduced with help of equations (1) (*) Experimental values of Grant et a1. [25] . The values in parentheses have been recalculated to unify the presentation. [25] . (**) Puckering angle of the gas phase equilibrium geometry [18] .
The most important conclusion to be drawn from these results is the important anisotropy of rotation. Moreover, the orders of magnitude of each diffusion constant in the sequence Dxx &#x3E; Dyy &#x3E; Dzz are very little dependent on the puckering angle ao and the same tendencies are observed at lower temperature.
Grant et al. [25] , in a short study of near ellipsoidal molecules, report T 1 and NOE results (Table III) for liquid cyclopentene at room temperature which differ noticeably from ours. Their calculated diffusion coefficients are of course also different (Table IV) . Nevertheless, the general trends persist and these authors already remark on the surprising sequence of D values in particular the smallness of Dzz which is associated with the pseudo-Cs axis of the molecule, i.e. with the greatest cylindrical symmetry.
We have now obtained further evidence which makes us think that these results, obtained in the rigid molecule approximation, have little physical meaning.
Firstly, as already pointed out, it would be very unusual for a molecule which is nearly a symmetric top to have its rotation inertially controlled. In general, the faster rotation occurs about the axis of higher symmetry [1] [2] [3] which corresponds here to the higher moment of inertia. Actually, for molecules, which are not strictly symmetric tops such, as furan or thiophen, the rotation has been found to be nearly isotropic inside the error limits [26, 27] .
Secondly, we have performed quasielastic neutron scattering experiments on liquid cyclopentene at 300 K, 182 and 179 K [22] . After a separate determination of the self diffusion coefficient at these temperatures, we have deconvoluted the whole quasielastic profile from the resolution function and the translational Lorentzian component by using Sears [23] . Rather few bands are well isolated and free from combinations or hot-bands involving the ring-puckering; however it has been possible to select two bands in IR and two in Raman which seem to be only affected by vibrational and rotational relaxation.
The results indicate that Dxx, Dyy, Dzz are of the same order of magnitude in the liquid phase (Fig. 3) .
Finally, one can remark that the carbon 3 relaxation is expected to be the least affected by the ring-puckering since the corresponding CH angular amplitude is small (Fig. 1, Table I ). Therefore a Dr value can be evaluated in the hypothesis of an isotropic and rigid rotor by plugging the experimental correlation time of carbon 3 in the well-known relationship : Dr = 1/6 Tc - The results thus obtained prove to be in good agreement with those deduced from the optical and neutron studies (Fig. 3) . So, it is now rather clear that the non-rigidity of cyclopentene has to be taken into account to interpret the 13C relaxation data.
Typical correspond to the normal series of T e,p. c (see Table III ); curves «b » and «c» correspond respectively to (,e,p-+ 10 %) and (T-P -10 %). After discussing the experimental limitations it is necessary to recall that the simple models used in the treatment of the data also bring their own limitations. It is not guaranteed that the whole molecule rotation and the ring-puckering are uncoupled. Nor is it evident that the jump model between two sites is a good representation of the internal motion. However more sophisticated theories would bring further parameters that could not be evaluated with the present data. A more efficient way to complete and improve the analysis could rather be to search for independent evidence of the internal motion by other techniques.
This seems to be possible by studying the infrared and Raman spectra of specifically deuterated molecules [29] . We 
